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(54) Method for making a differential mechanism for an automotive vehicle 



(57) A housing for differential mechanism is formed 
in two pieces using a cold flow-forming process. Each 
of the housing portions (32,34) is formed with an internal 
hemispherical surface, and semi-circular recesses 
(66,80), which when aligned form circular recesses with- 
in which a pinion shaft (48) is seated. A sub-assembly 



that includes the pinion shaft (48), pinion gears (50,52), 
side bevel gears (54,56), and a thin plastic liner (55) sur- 
rounding the sub-assembly is located within a lower 
housing portion (34) so that the pinion shaft (48) is seat- 
ed in the recesses. The upper housing portion (32) is 
welded to the lower housing portion (34). A ring gear 
(44) is joined to a housing portion (34). 




1 

Description 

[0001] This invention relates to a differential mecha- 
nism of the type used in axle differentials and those 
formed integrally with manual and automatic transmis- 
sions. 

[0002] The basic function of a differential mechanism 
is to transmit torque from a transmission output to axle 
shafts, which allow the right and left driven wheels to 
rotate at different speeds. Various differential mecha- 
nisms have been developed, the simplest and most fre- 
quently used being the bevel gear differential. 
[0003] A bevel gear differential consists of two or four 
pinion gears, depending on the weight of the vehicle and 
the magnitude of torque to be transmitted. The pinions, 
often called planetary gears, are supported together 
with the two side bevel gears in the differential housing 
or housing. 

[0004] Torque is applied from the final drive of the 
transmission to a ring gear, for front wheel driven vehi- 
cles, or from the drive pinion to a crown wheel, for rear 
wheel driven vehicles. The ring gear and crown wheel 
are joined to the differential housing, from which rotation 
is transmitted to a pinion shaft that supports the pinions. 
The pinion gears distribute the applied torque equally to 
the side gears, which drive the axle shafts and the 
wheels. When the vehicle negotiates a turn, a speed dif- 
ference between the inner and outer wheels occurs, 
causing the pinion gears to rotate. Because of this ad- 
ditional rotation, the speed of the outer wheel is in- 
creased to the same extent that the speed of the inner 
wheel decreases. 

[0005] Conventional housings for differential mecha- 
nisms are made from a one-piece iron casting. Iron cast- 
ings have significantly lower ductility and yield strength 
than most steels; therefore, they require thick walls to 
supplement their relatively low strength. The greater 
thickness produces increased weight and increases the 
moment of inertia, which reduces the efficiency of the 
powertrain. Frequently in conventional differential hous- 
ings, two windows in laterally opposite walls are re- 
quired to allow assembly of internal bevel gears and pin- 
ions. This arrangement limits the torque capacity of the 
housing due to the reduction in stiffness and strength 
caused by the presence of the windows. 
[0006] Iron castings require a large number of ma- 
chining operations to produce finished parts because 
the dimensions of the parts as cast cannot be controlled 
closely due to shrinkage during the transition from the 
liquid phase to the solid phase. Currently a conventional 
differential mechanism can only be assembled manually 
due to poor internal accessibility and the number of dif- 
ferent joining axes. Machining requires an expensive, 
space-intensive transfer line having low flexibility. 
[0007] Correct operation and vibration-free motion of 
the entire differential depends on accurate geometry of 
all matching components and stiff support of the gears 
by the differential housing. The differential housing not 
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only carries the internal gears and ring gear or ground 
wheel, but also carries the differential bearings and, in 
many housings, the speedometer gear also. These 
components require different geometric features to en- 
s sure their accurate location support and centring. 

[0008] Iron castings have several material and tech- 
nology-relate inefficiencies that limit their use in some 
differential housings. Ductility and yield strength of nod- 
ular cast iron are significantly lower than those of steel. 
io Consequently they result in a heavier housing than 
would be required if the housing were of steel. 
[0009] A method, according to this invention, for mak- 
ing a differential mechanism assembly includes the 
steps of cold-working a first housing preform by one of 
is a group consisting of spin-forming or flow-forming the 
inner surface of said preform into conformance with the 
contour of a first chuck, cold-working a second housing 
preform by one of a group consisting of spin-forming or 
flow-forming the inner surface of said preform into con- 
20 formance with the contour of a second chuck, producing 
first and second housing portions by finish machining 
outer surfaces of the first and second housing preforms, 
respectively, pressing a ring gear onto a housing por- 
tion, installing a differential mechanism sub-assembly 
comprising a shaft, pinions and gears into a housing por- 
tion, inserting a portion of one of a second group con- 
sisting of first and second housing portions into the other 
member of said second group, permanently connecting 
the ring gear and a housing portion, and permanently 
connecting the first and second housing portions mutu- 
ally. 

[0010] It is preferable to form a differential housing in 
two parts using flow forming techniques instead of cast- 
ing the housing. Retention of the pinion shaft within the 
housing in slotted grooves or recesses, preferably re- 
cesses that are closed to the exterior of the housing, 
and permanently connecting the housing parts by weld- 
ing or bonding rather than using fasteners results in a 
functionally superior, lower cost product. 
[0011] The invention will now be described, by way of 
example, with reference to the accompanying drawings, 
in which: 

Figure 1 is a cross section of a conventional bevel 
gear differential mechanism; 
Figure 2 is a perspective view of a cross section 
through a central plane of a differential mechanism 
assembly according to the present invention; 
Figure 3 is a cross section of the preform upper dif- 
ferential housing before machining taken at a cen- 
tral plane; 

Figure 4 is a cross section of the lower differential 
housing after machining; 

Figure 5 is a cross section of the preform lower dif- 
ferential housing before machining taken at a cen- 
tral plane; 

Figure 6 is a cross section of the lower differential 
housing after machining; 
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Figures 7 and 8 are isometric views of the upper 
housing and lower housing portions, respectively; 
Figure 9 is a view of a differential housing preform 
being spin -formed or flow-formed; 
Figure 1 0 is a series of sketches showing the steps 
of a method for manufacturing a lower differential 
housing portion; and 

Figure 11 is a series of sketches showing the as- 
sembly steps of a differential mechanism. 

[0012] Referring first to Figure 1 , in a conventional dif- 
ferential mechanism a ring gear 10, formed integrally 
with a ring gear wheel, is connected by bolted attach- 
ments 1 2 to a differential housing 1 4, the assembly sup- 
ported for rotation about a central axis 1 6. The differen- 
tial housing 14 is cast integrally with journals 18, 20 di- 
rected axially and providing a surface, on which friction 
bearings are located to support the assembly rotatably 
about axis 16. Located within the housing are two bevel 
pinions 22 rotatably supported on a pinion shaft 24, 
whose position on the housing is fixed by retainer rings 
26 elastically engaged in annular retainer ring recesses 
formed at each end of shaft 24 adjacent the outer sur- 
face of housing 14. Alternatively the pinion shaft can be 
retained in position on the housing by other suitable 
means than retaining rings. Side bevel gears 28,30 are 
in continuous meshing engagement with pinions 22, 23 
and are each adapted for driveable connection by a 
spline 31 to axle shafts that extend outwardly from the 
differential housing through bores located in each jour- 
nal. 

[0013] The ring gear is driven from the power source 
and rotates pinion shaft 24 about central axis 16, there- 
by carrying pinions 22, 23 in rotation about the central 
axis. The axle shafts and side bevel gears 28, 30 are 
driven through engagement with the pinions. 
[0014] The pinions and side gears are supported on 
the interior surface of the housing, which has a spherical 
contour, and the rear face of the gears and pinions are 
shaped accordingly. Alternatively, the side gears are 
supported in flat pockets or on flat shoulders, and the 
gear and pinion rear faces are also flat and located ad- 
jacent the planer surfaces of the pockets or shoulders. 
In another arrangement, the side gears are supported 
in flat pockets or on flat shoulders formed in the housing, 
and the rear faces of the pinions have a spherical con- 
tour like that of the adjacent inner surface of the housing. 
[0015] Figure 2 shows a differential mechanism as- 
sembly according to the present invention. The housing 
includes an upper housing portion 32 and a lower hous- 
ing portion 34, each housing portion having a mutually 
adjacent surface 36, 38 where the housing portions are 
permanently joined mutually by a laser weld 40 located 
at the circular arc where surfaces 36, 38 terminate at 
the exterior of the housing portions. The lower housing 
portion 34 includes a flange 42 to which a ring gear 44 
is joined preferably by a similar laser weldment located 
on the circular arc 46 where flange 42 and ring gear 44 



contact mutually. Figure 11 shows the preferred direc- 
tion of the lasers that forms the weld. Alternatively, the 
laser welds can be replaced by chemical bonding using 
a high-strength polymer such as epoxy, or by other suit- 

s able means. 

[0016] Flange 42 may be located on either portion 32 
or 34. Flange 42 may be located axially at any appropri- 
ate position, such as aligned with the transverse axis of 
pinion shaft 48, in order to minimise bending of the hous- 

io ing. 

[0017] Located within the space surrounded by hous- 
ing portions 32, 34, are the pinion shaft 48, rotatably 
supporting bevel pinions 50, 52, which are in continual 
mutual engagement with side bevel gears 54, 56, re- 
spectively. The inner surface ol side gears 54, 56 are 
formed with axially directed splines 57, each adapted 
for driveable engagement by an axle shaft. The cen- 
treline of pinion shaft 48 is coaxial with a transverse axis 
that is substantially perpendicular to central longitudinal 
axis 62. 

[0018] In applications where the magnitude of torque 
transmitted through the differential mechanism is rela- 
tively high, three or four pinions, supported on the hous- 
ing, meshing with the side bevel gears, and spaced mu- 
tually about the central axis, may be included in the as- 
sembly. 

[0019] Housing portion 32 may be formed integrally 
with journal 58; portion 34 may be formed integrally with 
a corresponding journal 60. Alternatively, the journals 
58, 60 may be formed apart from the housing portions 
32, 34 and then welded to the housing assembly. The 
differentia! assembly is supported for rotation about the 
longitudinal axis 62 on bearings fitted over the journals 
58, 60. 

[0020] Figure 3 shows the upper differential housing 
preform 70, flow-formed or spin-formed as described 
below, having a wall 64 having a partial spherical inner 
surface, semi-circular recesses 66 spaced at equal an- 
gular positions about the central axis and extending 
through wall 64, and a circular cylindrical surface 68 on 
the inner surface of the bearing journal 58. Preferably 
none of the interior surfaces of either preform 70, 74 are 
machined but are formed instead by flow-forming or 
spin-forming a circular steel disc or stamped workpiece 
over a chuck whose outer surface determines the final 
shape, dimensions, and dimensional tolerances of the 
inner surfaces of the preforms 70, 74. 
[0021] Certain exterior surfaces of the upper differen- 
tial housing preform 70 are machined into the form of 
the upper housing portion 32 shown in Figure 4. A com- 
parison of Figures 3 and 4 indicates that cylindrical sur- 
face 36, shoulder 72, journal 58 and material at the ax- 
ially inner extremity are machined from preform 70. Up- 
per housing 32 has a circular surface 73 concentric with 
axis but interrupted by semi-circular recesses 66. 
[0022] Figure 5 shows the lower differential housing 
preform 74 that is spin-formed or flow-formed, and Fig- 
ure 6 shows that preform after machining. Referring first 
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to Figure 5, substantially the entire internal surface of 
preform 74 is identical to the final form of the lower hous- 
ing 34 including cylindrical surface 76, hemispherical 
surface 78, shoulder 79, cylindrical surface 38, and 
semi-circular recesses 80, spaced angularly about the 
axis 62 at diametrically opposite sides of a transverse 
axis. Each recess 80 extends partially through the thick- 
ness of wall 82, forming at each recess location a sem- 
icircular cylindrical surface 84, each recess closed at its 
radially outer extremity by the remaining portion 86 of 
wall 82. When assembled, each axial end of pinion shaft 
48 is located in a circular cylindrical recess defined by 
semicircular cylindrical recesses 66, 80 on housing por- 
tions 32, 34 respectively. 

[0023] Referring now to Figure 6, external surfaces in- 
cluding journal 60, on which the bearings are fitted, the 
adjacent shoulder 88, shoulder 90 where the speedo- 
gear is installed, and the outer surface of flange 42 are 
machined into preform 74. Internal surfaces are not ma- 
chined. 

[0024] Lubrication holes 92 may be pierced, drilled or 
laser cut entirely through the thickness of wall 82, pref- 
erably at such mutually spaced locations that do not in- 
fluence rotation of the gears, i.e., at locations other than 
at the rear face of the gears. 

[0025] An alternative technique to that shown in Fig- 
ure 2 is available for locating a sub-assembly of gears, 
pinions and the pinion shaft in the housing. Instead of 
locating the pinion shaft 48 in blind recess pairs 66,80, 
holes through the walls 64, 82 at the locations of recess- 
es 80 can be formed. When this alternate is used, the 
axial ends of pinion shaft 48 protrude outside the hous- 
ing at each side, as shown in Figure 1 . Each end of shaft 
45 has a recess suited to receive a retain ring, which is 
installed at the outer surface of the housing so that a 
retaining ring elastically engages and is seated in each 
recess. 

[0026] During assembly of the differential mecha- 
nism, housing portions 32, 34 are correctly positioned 
for assembly when cylindrical surfaces 36, 38 are mu- 
tually adjacent and shoulders 73, 79 are mutually adja- 
cent. 

[0027] Spin-forming or flow-forming is a cold working 
operation particularly well suited to produce bowl- 
shaped parts, preferably rotatably symmetric parts. The 
workpiece is formed over a chuck by spinning rollers that 
can be profiled. Spin forming is an operation in which 
the material is plasticised by a combination of compres- 
sion and tension forces applied to a workpiece by the 
rollers. Flow forming is an operation in which deforma- 
tion is the result of compression force applied by the roll- 
ers to a workpiece. During forming, the workpiece ma- 
terial is plasticised, which minimises springback and al- 
lows high dimensional accuracy. The outer contour of 
the chuck is imprinted very precisely into the inner sur- 
face of the part. The outer contour only is free formed 
by the spinning rollers. Therefore, it has a wavy surface 
quality on the outside. In order to remove the finished 



part from the chuck, an undercut can be formed using 
an expandable chuck. 

[0028] In the case of spin forming, generally there is 
no deliberate change in wall thickness during the torm- 
5 ing process. The starting workpiece is a sheet metal 
disc. 

[0029] In the case of flow-forming, there is a deliber- 
ate change in wall thickness of the workpiece to that of 
the formed part. Locally increasing the wall thickness is 

10 helpful toward strengthening and stiffening the part as 
required by its operational loading and material proper- 
ties. The starting workpiece is a tube or cup, which is 
parallel-sided or tapered. The preform is clamped 
against a spinning chuck, which is driven by a spindle. 

is One or more spinning rollers apply radial force to the 
surface of the preform until the inner surfaces of the 
workpiece conforms to the external surfaces of the spin- 
ning chuck and acquires the required shape and dimen- 
sions. 

20 [0030] Figure 9 illustrates a process for forming the 
upper and lower housing preforms 70, 74 from a work- 
piece 94 over a rotating chuck 96 driven by a spindle 
97. The material is plasticised by applying compression 
force to the workpiece by a set of forming rollers 98, 99. 

2S Preferably, the metal workpiece is either a sheet metal 
disc, a tube or a cup. Flow-forming provides for a vari- 
able wall thickness and permits the material of the work- 
piece to be thickened in areas where high operating 
stress would otherwise occur. The material of the work- 

30 piece can be reduced in areas of low stress in order to 
minimise weight. The process is substantially chipless 
and produces excellent internal dimensional accuracy 
and surface finish. It is flexible and is able to create in- 
tegrated profiles and features. 

55 [0031] Spin-forming or flow-forming increases the 
hardness of the workpiece approximately 10-15 units 
from its original condition, due to working hardening of 
the material that occurs during forming. In order to facil- 
itate flow-forming, the housing can be locally annealed 

40 by induction heating if work hardening of the workpiece 
occurs. 

[0032] Figure 9 shows, in the area above the horizon- 
tal centreline of the rotating chuck 96, a disc blank 94 
having its inner surface formed progressively into con- 

45 formance with the outer contour of the rotating chuck as 
forming rollers 98, 99 move axially across the surface 
of the workpiece. Alternatively, the workpiece can be 
stamped from a disc blank into a cup-shaped form hav- 
ing parallel sides. Then the workpiece is flow-formed 

so over the chuck as described above. 

[0033] Figure 1 0 shows a series of steps used to form 
the lower differential housing 32. A steel disc or blank 
94 is stamped into the cup-shaped workpiece 100. 
Thereafter the part is fitted over a chuck 96 and is flow- 

55 formed into the shape of housing preform 74. Then, if 
desired, lubrication holes 84 are pierced, drilled or laser 
cut through the wall of the preform, as described above. 
Finally, the highlighted areas of the outer surface of the 
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preform 74 are finished turned to final dimensions. 
[0034] The manufacture of the upper differential 
housing is substantially the same as the steps shown 
with reference to Figure 10 except that no lubrication 
holes are formed in the upper housing portion. The inner 
surface of the preforms are flow-formed and preferably 
require no machining thereafter. 
[0035] Refer now to Figure 11, which illustrates the 
method steps for assembling the differential mecha- 
nism. First, ring gear 44 is press-fitted over the outer 
machined surface of flange 42. Then, a sub-assembly, 
which includes pinion shaft 48, pinions 50, 52, side 
gears 54, 56 in mesh with the pinion gears, and a plastic 
liner 55 in the form of a partial spherical cover surround- 
ing the pinion shaft and the exterior surfaces of the pin- 
ions and gears, is inserted within the lower housing por- 
tion 34 such that each end of the pinion shaft is seated 
within a semi-circular recesses 80. After the sub-assem- 
bly is inserted within the lower housing portion 34, the 
housing portion 32 is fitted within the lower housing por- 
tion such that a semicircular recess 66 is located over 
each end of the pinion shaft, adjacent and aligned with 
a recess 80. When this is done, cylindrical surfaces 36 
of the upper housing portion 32 are located within the 
lower housing portion 34 adjacent cylindrical surfaces 
38. 

[0036] Next, the ring gear is permanently connected 
to the flange of the upper housing portion preferably by 
a laser weld at the location indicated by the arrow A. The 
upper and lower housing portions 32, 34 are then per- 
manently connected mutually by a laser weld at the cir- 
cular weld line 40, represented by arrows B, located at 
the axially outer periphery adjacent surfaces 36, 38. Al- 
ternatively, the laser welds can be replaced by bonding 
using a high-strength polymer such as epoxy. 
[0037] Next, a check is made of play and drag torque. 
Then a bearing cup 110 is fitted on journal 58 adjacent 
shoulder 72 on the upper housing portion 32, and bear- 
ing 11 2 is inserted over journal 60 adjacent shoulder 88 
on the lower housing 34. A speedometer gear 114 is lo- 
cated on the outer surface of the lower housing portion 
adjacent shoulder 90. 

[0038] The differential mechanism according to this 
invention includes a housing made of cold-formed parts 
that performs better and is manufactured more efficient- 
ly than the current, conventional housing of cast iron. 
The invention is applicable to manual transmissions; au- 
tomatic transmissions and axle differentials. The cir- 
cumferentially closed differential housing of this inven- 
tion results in a constant circumferential stiffness that 
minimises deflections between the final drive and ring 
gear during rotation, improves relative rolling motion be- 
tween the gear teeth, and reduces noise, vibration and 
harshness. 

[0039] The stamping and forming operations result in 
a lower cycle time than most machining operations, and 
increases the output of parts at lower variable cost. The 
housing of this invention simplifies the assembly of in- 



ternal components and is susceptible to automated as- 
sembly. 

[0040] Virtually all ductile materials can be cold spin- 
formed or flow-formed. Acceptable materials include un- 

5 alloyed and low-alloy carbon steels, aluminium alloys, 
and non-ferrous metals such as titanium, copper, etc. 
Preferably the housing potions are of high-strength, low- 
alloy steel, i.e. one pass, cold rolled strip steel, HSLA 
annealed (SAE J1392, 050 XLF Substrate), available 

10 commercially from various steel producers, or another 
suitable steel. Significant material properties of the ref- 
erenced steel include yield strength: 40 ksi minimum, 
48 ksi typical; tensile strength: 50 ksi minimum; elonga- 
tion (2 W ): 22 percent minimum. 

15 

Claims 

1. A method for making a differential mechanism as- 
20 sembly for an automotive vehicle, comprising the 
steps of: 

cold-working a first housing preform (70) by one 
of a group consisting of spin-forming or flow- 
25 forming the inner surface of said preform (70) 

into conformance with the contour of a first 
chuck (96); 

cold-working a second housing preform (74) by 
one of a group consisting of spin-forming or 
30 flow-forming the inner surface of said preform 

(74) into conformance with the contour of a sec- 
ond chuck (96); 

producing first and second housing portions 
(32,34) by finish machining outer surfaces of 
35 the first and second housing preforms (70,74), 

respectively; 

pressing a ring gear (44) onto a housing portion 
(34); 

installing a differential mechanism sub-assem- 
*o bly comprising a shaft (48), pinions (50,52) and 

gears (54,56) into a housing portion (34); 
inserting a portion of one of a group consisting 
of first and second housing portions (32,34) into 
the other member of said group; 
45 permanently connecting the ring gear (44) and 

a housing portion (34); and 
permanently connecting the first and second 
housing portions (32,34) mutually. 

50 2. A method as claimed in claim 1 , further comprising: 
stamping first and second housing preforms 
from metal blanks. 

3. A method as claimed in claim 1 , further comprising: 
55 forming a lubrication hole through a wall of a 

first housing portion. 

4. A method as claimed in claim 1 , further comprising: 
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installing bearings on journals located on the 
first and second housing portions; and 
installing a speedometer gear on an external 
surface of a housing portion. 

5 

5. A method for making a differential mechanism as- 
sembly for an automotive vehicle, comprising the 
steps of: 

forming a first chuck whose outer surface has 10 
the form of the inner surface of a first housing 
portion; 

forming a second chuck whose outer surface 
has the form of the inner surface of a second 
housing portion; 15 
mounting a first workpiece on the first chuck 
and rotating the first chuck and first workpiece 
about an axis; 

mounting a second workpiece on the second 
chuck and rotating the second chuck and sec- 20 
ond workpiece about an axis; 
applying an inwardly directed radial force to the 
outer surface of the first workpiece thereby 
forcing the inner surface of a workpiece into 
conformance with the contour of the first chuck; 2s 
applying an inwardly directed radial force to the 
outer surface of the second workpiece thereby 
forcing the inner surface of the second work- 
piece into conformance with the contour of the 
second chuck; 30 
producing first and second housing portions by 
finish machining outer surfaces of the first and 
second housing preforms, respectively; 
pressing a ring gear onto a housing portion; 
installing a differential mechanism sub-assem- 35 
bly comprising a shaft, pinions and gears into 
a housing portion; 

inserting a portion of one of the group consist- 
ing of first and second housing portions into the 
other member of said group; 40 
permanently connecting the ring gear and a 
housing portion; and 

permanently connecting the first and second 
housing portions mutually. 

45 

6. A method as claimed in claim 5, further comprising: 
forming a lubrication hole through a wall of a 
housing portion. 



steps of: 

cold-working a first housing preform by one of 
a group consisting of spin-forming or flow-form- 
ing the inner surface of said preform into con- 
formance with the contour of a first chuck hav- 
ing first angularly spaced recesses and a first 
surface; 

cold-working a second housing preform by one 
of the group consisting of spin-forming or flow- 
forming the inner surface of said preform into 
conformance with the contour of a second 
chuck having second angularly spaced recess- 
es and a second surface; 
producing first and second housing portions by 
finish machining outer surlaces of the first and 
second housing preforms, respectively; 
pressing a ring gear onto a housing portion; 
installing a differential mechanism sub-assem- 
bly comprising a shaft, pinions and gears into 
the first housing such that the shaft is partially 
located in the first recesses; 
inserting the second housing portion into the 
first housing portion such that the shaft is par- 
tially located in the second recesses and the 
first and second surfaces are mutually adja- 
cent; 

permanently connecting the ring gear and a 
housing portion; and 

permanently connecting the first and second 
housing portions mutually at the first and sec- 
ond surfaces. 

9. A method as claimed in claim 8, further comprising: 

forming a lubrication hole through a wa|l of a 
first housing portion. 

10. A method as claimed in claim 8, further comprising: 

installing bearings on journals located on the 
first and second housing portions; and 
installing a speedometer gear on an external 
surface of a housing portion. 



7. A method as claimed in claim 5, further comprising: so 



installing bearings on journals located on the 
first and second housing portions; and 
installing a speedometer gear on an external 
surface a housing portion. 55 

8. A method for making a differential mechanism as- 
sembly for an automotive vehicle, comprising the 
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